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(54) Image forming apparatus, and use situation reporting system for reporting use situations 
of developer and other consumables stowed in image forming apparatus 



(57) A use situation reporting system reports the use 
situations of a developer and the other consumables in- 
cluded in an image forming apparatus for forming imag- 
es on a recording material. More particularly, the use 



situation reporting system reports an amount of remain- 
ing developer and the use times of consumables to a 
user. Thus, the timing of replacing a cartridge with a new 
one can be concisely reported to the user. 



FIG. 3 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP1 109 073 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an image 
forming apparatus of, for example, an electrophotogra- 
phy type, and a use situation reporting system for re- 
porting the use situations of a developer and the other 
consumables stowed in the image forming apparatus. 
More particularly, the present invention contributes to 
improvement of a service to be provided for a user of 
such an image forming apparatus having a cartridge de- 
tachably attached thereto. 

[0002] Herein, the electrophotographic image forming 
apparatuses adopting electrophotography include, for 
example, an electrophotographic copier, electrophoto- 
graphic printers (for example, an LED printer and a laser 
beam printer), and an electrophotographic facsimile 
system. 

[0003] The cartridge detachably attached to an main 
unit of an electrophotographic image forming apparatus 
accommodates at least one of an electrophotographic 
photosensitive body, an electrifying means for electrify- 
ing the electrophotographic photosensitive body, a de- 
veloping means for supplying a developer to the elec- 
trophotographic photosensitive body, and a cleaning 
means for cleaning the electrophotographic photosen- 
sitive body. In particular, what is referred to as a process 
cartridge is a cartridge into which at least one of the elec- 
trifying means, developing means, and cleaning means, 
and the electrophotographic photosensitive body are in- 
tegrated. The cartridge is detachably attached to the 
main unit of the electrophotographic image forming ap- 
paratus. Alternatively, the developing means and elec- 
trophotographic photosensitive body are integrated into 
a cartridge, and the cartridge is detachably attached to 
the main unit of the electrophotographic image forming 
apparatus. 

Description of the Related Art 

[0004] Conventionally, electrophotographic image 
forming apparatuses including an electrophotographic 
copier and a laser beam printer irradiate light, which rep- 
resents image information, to an electrophotographic 
photosensitive body (photosensitive body) to form a la- 
tent image. A developing means is then used to supply 
a developer to the latent image, whereby the latent im- 
age becomes a visible image. The image is then trans- 
ferred from the photosensitive body to a recording ma- 
terial, and thus formed on the recording material. A de- 
veloper stowage is coupled to the developing means. 
As more and more images are formed, the developer is 
consumed. 

[0005] For the image forming apparatus, a process 
cartridge system may be adopted in order to facilitate 



convenience in replacing the consumables including the 
electrophotographic photosensitive body and developer 
with new ones and maintaining them. According to the 
process cartridge system, the electrophotographic pho- 

5 tosensitive body, the developing means, an electrifying 
means, and a cleaning means as well as a developer 
container and a waste developer container are integrat- 
ed into a cartridge that is referred to as a process car- 
tridge. The developing means, electrifying means, and 

10 cleaning means serve as a processing means for work- 
ing on the electrophotographic photosensitive body. The 
process cartridge is detachably attached to the main unit 
of the image forming apparatus. According to the proc- 
ess cartridge system, a user can maintain the apparatus 

15 without the necessity of asking a serviceperson. This 
leads to drastically improved maneuverability. The proc- 
ess cartridge system is widely adopted for the electro- 
photographic image forming apparatuses. 
[0006] In a process cartridge type image forming ap- 

20 paratus, when the service life of a process cartridge has 
completed its span, for example, when a developer has 
run out, the user should merely replace the process car- 
tridge with a new one. Thus, the image forming appara- 
tus can form images again. 

25 [0007] Several factors that determine the service life 
of the process cartridge include an amount of developer, 
fatigue of a photosensitive body, fatigue of an electrify- 
ing means, and fatigue of a developer bearing member. 
The most significant factor is the amount of developer. 

30 [0008] For managing the service life of the process 
cartridge, a remaining developer sensing means includ- 
ed in the cartridge or the main unit of the image forming 
apparatus is used to sense an amount of remaining de- 
veloper. A signal that represents the amount of remain- 

35 ing developer is then sent to the image forming appara- 
tus itself or a display device of a host computer or a ter- 
minal personal computer (PC) connected to the image 
forming apparatus. Thus, the amount of remaining de- 
veloper is reported to the user. 

40 [0009] The remaining developer sensing means for 
sensing an amount of remaining developer may be re- 
alized with various types of sensors. For example, the 
remaining developer sensing means may be realized 
with a piezoelectric sensor for sensing the presence or 

45 absence of a developer by checking if it is in contact with 
the developer, or a magnetic sensor suitable for a mag- 
netic developer. Otherwise, if an alternating bias is ap- 
plied to the developer bearing member that supplies the 
developer to the photosensitive body, an antenna sen- 

50 sor will do. 

[0010] A dot counting method is a method of sensing 
an amount of developer without the necessity of includ- 
ing the foregoing remaining developer sensing means 
in a development unit. According to the dot counting 

55 method, pixel pulses used to form dots are counted. An 
amount of consumed developer is calculated on the as- 
sumption that the count value is proportional to the 
amount of consumed developer. 
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[0011] However, even if the remaining developer 
sensing means is used to sense an amount of remaining 
developer to manage the service life of the process car- 
tridge, it is impossible to see if the service life of the proc- 
ess cartridge has completed its span. Poor-quality im- 
ages may be produced before the developer runs out. 
[0012] For example, assume that an image forming 
apparatus is kept used to produce at every time a small 
number of printouts of a low print ratio (image ratio), that 
is, printouts whose ratio of a printed portion to the whole 
is low (hereinafter, this usage shall be referred to as a 
low print ratio mode). In this case, before the developer 
runs out, the service lives of any other consumable such 
as the photosensitive body, a developing roller that is 
the developer bearing member, or a electrifying roller 
that is the electrifying means may have completed their 
spans. 

[0013] The process cartridge accommodates con- 
sumables other than the developer. A user could not 
have learnt the use times of the consumables in the 
past. 

[0014] For example, although an indication of an 
amount of remaining developer does not signify that the 
service life of any consumable has completed its span, 
a poor-quality image may be output. In this case, a user 
cannot find out the cause and may therefore complain 
to a manufacturer. The user may then return the process 
cartridge to the manufacturer. 
[0015] In contrast, if the use times of consumables 
other than the developer are reported to a user, the user 
becomes aware that the service life of the process car- 
tridge has completed its span. That is to say, even when 
an indication of an amount of remaining developer used 
to directly manage the service life of the process car- 
tridge does not signify that the service life of the process 
cartridge has completed its span, the use times of the 
other consumables may have exceeded predetermined 
service lives. In this case, the service life of the process 
cartridge has substantially completed its span. For ex- 
ample, assume that a serviceperson uses a communi- 
cating means such as telephony to ask a user about an 
amount of remaining developer and the use times of the 
other consumables. The serviceperson can thus grasp 
the state of the process cartridge and can distinctly ex- 
plain the user about the current situation of the process 
cartridge. 

SUMMARY OF THE INVENTION 

[0016] The present invention attempts to solve the 
foregoing problems. An object of the present invention 
is to provide a use situation reporting system for report- 
ing an amount of remaining developer and the amount 
of use of the other consumables, and an image forming 
apparatus, wherein the timing of replacing a cartridge 
with a new one is reported in an easy-to-understand 
manner. 

[0017] Another object of the present invention is to 



provide a use situation reporting system for reporting an 
amount of remaining developer and the amount of use 
of the other consumables, and an image forming appa- 
ratus, wherein the number of returned goods attributa- 
5 ble to users' complaints is decreased. Moreover, users 
or servicepersons working for a manufacturer can grasp 
the contents of complaints over a communication net- 
work, and the servicepersons' labor of visiting the users 
are obviated. 

10 [0018] Still another object of the present invention is 
to provide a use situation reporting system for reporting 
an amount of remaining developer and the amount of 
use of the other consumables, and an image forming 
apparatus, wherein the amount of remaining developer 

15 and the amount of use of the other consumables are 
reported to a user. Moreover, the user can concisely 
learn the timing of replacing a cartridge with a new one. 
[0019] Still another object of the present invention is 
to provide a use situation reporting system for reporting 

20 an amount of remaining developer and the amount of 
use of the other consumables comprising an amount- 
of-developer detecting means, a sensing means, and a 
display means. The amount-of-developer detecting 
means detects an amount of developer remaining in a 

25 developer container. The sensing means senses the 
amount of use of the consumables. The display means 
indicates the amount of developer sensed by the 
amount-of-developer detecting means and the amount 
of use of the consumables sensed by the sensing 

30 means. 

[0020] Still another object of the present invention is 
to provide an image forming apparatus comprising a 
container, a remaining developer sensing means, con- 
sumables other than a developer, an amount-of-use 

35 sensing means, and an output means. The developer is 
stowed in the container. The remaining developer sens- 
ing means senses an amount of developer remaining in 
the container. The consumables are used to form devel- 
oper images on a recording material. The amount-of- 

40 use sensing means senses the amount of use of the 
consumables. The output means outputs mutually inde- 
pendently information of the amount of remaining devel- 
oper sensed by the remaining developer sensing means 
and information of the amount of use sensed by the 

45 amount-of-use sensing means. 

[0021] Further objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing description of the preferred embodiments with 
reference to the attached drawings. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

55 Fig. 1 is a sectional view of a process cartridge and 
an image forming apparatus in accordance with the 
present invention; 

Fig. 2 is an enlarged sectional view of the process 
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f'cartridge shown in Fig. 1; 
Fig. 3 schematically shows the configuration of a 
use situation reporting system for reporting an 
amount of remaining developer and the use times 
of the other consumables in accordance with an 5 
embodiment of the present invention; 
Fig. 4 shows the circuitry of an amount-of-remaining 
developer detector employed in the embodiment of 
the present invention; 

Fig. 5 is a flowchart for explaining an example of an io 
action of indicating an amount of remaining devel- 
oper in accordance with the present invention; 
Fig. 6 is an explanatory diagram concerning an ex- 
ample of an indication of an amount of remaining 
developer in accordance with the present invention; *5 
Fig. 7 is a flowchart describing an example of an 
action of indicating the use time of a photosensitive 
drum in accordance with the present invention; 
Fig. 8 is an explanatory diagram for explaining an 
example of an indication of the use time of the pho- 20 
tosensitive drum in accordance with the present in- 
vention; 

Fig. 9 is a flowchart describing an example of an 
action of indicating the use time of a developing roll- 
er in accordance with the present invention; 25 
Fig. 1 0 is an explanatory diagram concerning an ex- 
ample of an indication of the use time of the devel- 
oping roller in accordance with the present inven- 
tion; 

Fig. 11 is a flowchart describing another example of 30 
an action of indicating an amount of remaining de- 
veloper in accordance with the present invention; 
Fig. 12 is an explanatory diagram concerning an- 
other example of an indication of an amount of re- 
maining developer in accordance with the present 35 
invention; 

Fig. 13 is a flowchart describing another example 
of an action of indicating an amount of remaining 
developer in accordance with the present invention; 
Fig. 14 is an explanatory diagram concerning an- 
other example of an indication of an amount of re- 
maining developer in accordance with the present 
invention; 

Fig. 15 shows another example of an indication of 
an amount of remaining developer in accordance 
with the present invention; and 
Fig. 16 shows another example of an indication of 
an amount of remaining developer in accordance 
with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023J A use situation reporting system for reporting 
an amount of remaining developer and the use times of 
the other consumables and an image forming apparatus 
in accordance with the present invention will be de- 
scribed in conjunction with the drawings below. 



First Embodiment 

[0024] Referring to Fig. 1 and Fig. 2, a description will 
be made of an embodiment of an electrophotographic 
image forming apparatus in accordance with the present 
invention to which a process cartridge can be attached. 
In the present embodiment, the electrophotographic im- 
age forming apparatus is an electrophotographic laser 
beam printer A. The electrophotographic laser beam 
printer A receives image information from a host com- 
puter, and forms images on a recording material, for ex- 
ample, recording paper, OHP sheets, or cloth through 
electrophotographic image formation. 
[0025] The laser beam printer (printer) A has a drum- 
shaped electrophotographic photosensitive body, that 
is, a photosensitive drum 1. The photosensitive drum 1 
is electrified by an electrification roller 2 that is an elec- 
trifying means. Laser light L representing image infor- 
mation is irradiated from a laser scanner 3, whereby a 
latent image based on the image information is formed 
on the photosensitive drum 1 . The latent image is de- 
veloped by a developing means 5 included in a devel- 
opment unit C and thus changed to a visible image, that 
is, a toner image. 

[0026] . The development unit C has a development 
chamber 5A and a developer container 4 as a developer 
stowage. The development chamber 5A accommodates 
a developing roller 5a that is a developer bearing mem- 
ber, and the developer container 4 is located adjacently 
to the development chamber 5A. A developer T stowed 
in the developer container 4 is fed to the developing roll- 
er 5a in the development.chamber 5A. An agitating 
means 8 capable of rotating in a direction of an arrow in 
Fig. 1 is placed in the developer container 4. When the 
agitating means 8 is rotated, the developer T is agitated 
and fed to the developing roller 5a. According to the 
present embodiment, an insulating magnetic toner of a 
single component is used as the developer T. The de- 
veloping roller 5a has a stationary magnet 5b incorpo- 
rated therein. When the developing roller 5a is rotated, 
the developer is transported. A developing blade 5c 
serving as a developer layer thickness restricting mem- 
ber applies frictional electrification charge to the devel- 
oper, and confines the layer of the developer to a pre- 
determined thickness. The developer is then fed to a de- 
veloping area on the photosensitive drum 1 . The devel- 
oper fed to the developing area is shifted to a latent im- 
age on the photosensitive drum 1 , whereby a toner im- 
age is formed. The developing roller 5a is connected to 
a developing bias applying means 33 (Fig. 4). Normally, 
a developing bias voltage having a direct voltage super- 
posed on an alternating voltage is applied to the devel- 
oping roller 5a. 

[0027] Responsively to formation of a toner image, a 
recording material P put in a paper feed cassette 200 is 
transported to a transferring position via a pickup roller 
12 and a transporting means 13a. A transfer roller 14 
that is a transferring means is located at the transferring 
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position. With application of a voltage, the toner image 
on the photosensitive drum 1 is transferred onto the re- 
cording material P. 

[0028] The recording material P onto which the toner 
image is transferred is transported to a fusing means 15 
by a transporting means 13b. The fusing means 15 has 
a fusing roller 1 5b with a built-in heater 1 5a and a driving 
roller 15c. The fusing means applies heat and pressure 
to the passing recording material P, thus fusing the 
transferred toner image on the recording material P. 
[0029] The recording material P is ejected to an ejec- 
tion tray 16 by a transporting means 13c. The ejection 
tray 16 is formed on the top of a main unit 100 of the 
laser beam printer A. 

[0030] The photosensitive drum 1 from which the ton- 
er image is transferred onto the recording material P by 
the transfer roller 14 has the remaining developer re- 
moved by a cleaning means 7. Thereafter, the next im- 
age formation is carried out. The cleaning means 7 uses 
an elastic cleaning blade 7a, which is in contact with the 
photosensitive drum 1 , to sweep away the developer re- 
maining on the photosensitive drum 1 and gather it into 
a waste developer container 7b. 
[0031 ] According to the present embodiment, a proc- 
ess cartridge B is, as shown in Fig. 2, made by unifying 
the development unit C and a cleaning frame 11. The 
development unit C is made by welding a developer 
frame 9 and a development frame 10. The developer 
frame 9 outlines the developer container 4 in which the 
developer is stowed and the agitating means 8 is includ- 
ed. The development frame 10 outlines the develop- 
ment chamber 5A in which the developing means 5 
composed of the developing roller 5a and developing 
- blade 5c is held. The photosensitive drum 1, the clean- 
ing means 7 composed of the cleaning blade 7a and 
waste developer container 7b, and the electrifying roller 
2 are mounted on the cleaning frame 1 1 . A user engages 
the process cartridge B with cartridge attaching means 
101 (Fig. 1) formed in the main unit 100 so that the proc- 
ess cartridge can be disengaged therefrom. 
[0032] According to the present embodiment, the 
process cartridge B has a programmable memory 20, 
which serves as a memory means 20, and a transmis- 
sion unit 21 , which controls reading and writing of infor- 
mation from and in the memory 20, formed on the side 
k surface of the waste developer container 7b. When the 
process cartridge B is attached to the main unit 100, the 
transmission unit 21 is opposed to a control unit 22 in- 
corporated in the main unit 100. The control unit 22 fills 
the role of a transmitting means incorporated in the main 
unit 100. 

[0033] The memory 20 is thus placed on the upper 
side surface of the waste developer container 7b. This 
is because according to the present embodiment, the 
process cartridge B is inserted into the laser beam print- 
er A with the waste developer container 7b first brought 
into contact with the main unit 100. Consideration is 
therefore taken so that the transmission unit 21 adjoin- 



ing the memory 200 in the cartridge will be aligned with 
the communicating means realized with the control unit 
22 incorporated in the main unit 1 . The transmission unit 
21 and control unit 22 constitute a control means for 

5 reading or writing information from or in the memory. 
[0034] A combination of a nonvolatile memory or a 
volatile memory and a backup battery or any other elec- 
tronic memory realized with semiconductors may be 
adopted as the memory means 20 employed in the 

10 present invention without restriction. In particular, when 
the memory 20 is a noncontact memory in which data 
communication between reading and writing ICs is 
achieved using electromagnetic waves, the transmis- 
sion unit 21 included in the cartridge and the control unit 

15 22 included in the main unit may be noncontact with 
each other. This obviates the possibility that the process 
cartridge B may be attached and brought into imperfect 
contact with the main unit. The control means composed 
of the transmission unit and control unit can extend con- 

20 trol highly reliably. According to the present embodi- 
ment, a noncontact memory is adopted as the memory 
means 20. 

[0035] The storage capacity of the memory 20 is large 
enough to store a plurality of items of information includ- 

25 ing information of the use situation of the cartridge that 
will be described later and a characteristic value indicat- 
ing the characteristic of the cartridge. Information of the 
use time of the cartridge can be written or stored any 
time in the memory 20. 

30 [0036] According to the present invention, the image 
forming apparatus can sense an amount of remaining 
developer and the use times of the other consumables, 
output the information of the amount of remaining de- 
veloper and the use times, and mutually independently 

35 report the amount of remaining developer and the use 
times of the consumables. 

[0037] To be more specific, according to the present 
embodiment, an amount of remaining developer is 
sensed regularly, and the use time of the photosensitive 

40 drum 1 is sensed regularly. These two parameters are 
output mutually independently. According to the present 
embodiment, the results of sensing are mutually inde- 
pendently output to the main unit 1 00 and to host 50 that 
is a host computer or a terminal personal computer con- 

45 nected to the main unit 1 00 in order to communicate with 
the main unit 100 over a network. The results of sensing 
that is the parameters are then indicated on a display 
device 40 included in the main unit and on a display de- 
vice 51 (Fig. 3) included in the host 50 (Fig. 3). 

50 [0038] According to the present embodiment, the 
sensed amount of remaining developer is indicated in 
the form of a remaining developer ratio that is decre- 
mented from 1 00% to 0% with the progress of consump- 
tion of the developer. The use time of the photosensitive 

55 drum 1 is indicated in the form of a use ratio that is start- 
ed with 0% and incremented with the progress of use of 
the photosensitive drum 1 . 

[0039] The service life of the process cartridge B is 
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managed based on the sensed amount of remaining de- 
veloper. The use time of the photosensitive drum 1 is 
indirectly related to the service life of the process car- 
tridge B. For example, if a user complains to a manu- 
facturer, the use situations of the consumables other 
than the developer accommodated by the process car- 
tridge B are judged from the use time of the photosen- 
sitive drum. 

[0040] Specifically, the process cartridge B employed 
in the present embodiment is designed so that as long 
as the process cartridge is used in a general manner, 
unless the developer runs out, the service life of the pho- 
tosensitive drum 1 will not complete its span. For exam- 
ple, a user may keep forming images by producing a 
small number of printouts, of which print (image) ratio is 
low, at every time (in a low print ratio mode). In this case, 
the service life of the photosensitive drum 1 may com- 
plete its span before the developer runs out. 
[0041] In the present embodiment, the amount of re- 
maining developer used as an index for managing the 
service life of the process cartridge B when the printer 
is used in a normal manner shall be referred to as a pa- 
rameter used to directly manage the service life of the 
cartridge. If a user complains to a manufacturer, the pa- 
rameter is used as a criterion for the use situations of 
the other consumables. The use time of the photosen- 
sitive drum 1 shall be referred to as a parameter indi- 
rectly related to the service life of the cartridge. 
[0042] Fig. 3 shows a use situation reporting system 
in accordance with the present invention for reporting 
an amount of remaining developer and the use times of 
the other consumables. In the present embodiment, the 
control unit 22 in the main unit for controlling actions per- 
formed in the image forming apparatus in a centralized 
manner calculates an amount of remaining developer 
and the use time of the photosensitive drum 1 . A remain- 
ing developer ratio (%) that is the ratio of the amount of 
remaining developer to an amount of unused developer 
and a photosensitive drum use ratio (%) that is the ratio 
of the photosensitive drum 1 to a threshold are then de- 
termined. Thereafter, the control unit outputs the two 
items of information mutually, independently. Conse- 
quently, the information of the amount of remaining de- 
veloper and the information of the use time of the pho- 
tosensitive drum 1 are sent to the display device 40 and 
display device 51 , and displayed when needed by a us- 
er. The display device 40 is a display panel or the like 
included in the main unit 100, while the display device 
51 is included in the host 50 connected to the main unit 
100 in order to communicate with the main unit 100. 
[0043] A method of sensing an amount of remaining 
developer that is a parameter used to directly manage 
the service life of the process cartridge B will be de- 
scribed below. 

[0044] According to the present embodiment, the la- 
ser beam printer A has an a mount-of-developer detector 
including the remaining developer sensing means 30 
capable of sensing an amount of developer T stowed in 



the development unit C regularly along with consump- 
tion of the developer T. 

[0045] According to the present embodiment, a plate 
antenna type sensor is used as the remaining developer 
5 sensing means 30. As shown in Fig. 2, in the present 
embodiment, an output sheet metal 32 and an input 
sheet metal 31 constituting a plate antenna are opposed 
to the developing roller 5a. The output sheet metal 32 
extends over the longitudinal direction of the develop- 
to ment unit C, and the input sheet metal 31 has substan- 
tially the same longitudinal length as the output sheet 
metal 32 and is opposed to the output sheet metal 32. 
[0046] When the plate antenna type sensor is adopt- 
ed as the remaining developer sensing means 30, the 
15 input sheet metal 31 and output sheet metal 32 consti- 
tuting the plate antenna are located in the development 
unit C. An alternating voltage is applied to an electro- 
static capacitor composed of the developing roller 5a 
and output sheet metal 32 and to an electrostatic capac- 
20 jtor composed of the input sheet metal 31 and output 
sheet metal 32. An electrostatic capacitance exerted be- 
tween the developing roller 5a and output sheet metal 
32, and'an electrostatic capacitance exerted between 
the input sheet metal 31 and output sheet metal 32 are 
25 varied with a decrease in the amount of developer T con- 
tained in the development unit C. The amount of devel- 
oper contained in the development unit C can therefore 
be calculated by measuring the electrostatic capaci- 
tances. An alternating current derived from application 
30 of the alternating voltage is measured to calculate the 
amount of developer. 

[0047] The input sheet metal 31 and output sheet met- 
al 32 constituting the plate antenna may be made of any 
material as long as the material can conduct current. Ac- 

35 cording to the present embodiment, the sheet metals 31 
and 32 are formed with silicon unilateral switches 
(SUSs) that are resistive to rust. 
[0048] Referring also to Fig. 4, the circuitry of the 
amount-of-developer detector will be described below. 

40 According to the present embodiment, the developing 
roller 5a and input sheet metal 31 are electrically con- 
nected to the developing bias circuit 33 with the process 
cartridge B attached to the main unit 100. The develop- 
ing bias circuit 33 is the developing bias applying 

45 means, or in other words, a voltage applying means and 
is incorporated in the main unit 100. 
[0049] The developing bias circuit 33 outputs a pre- 
determined alternating bias. The bias is applied to a ref- 
erence capacitor 34, the developing roller 5a, and the 

50 input sheet metal 31 . Consequently, a voltage V1 devel- 
ops across the reference capacitor 34, and a current 
proportional to an electrostatic capacitance C4 flows be- 
tween the input sheet metal 31 and output sheet metal 
32. Arithmetic operations are performed in order to con- 

55 vert the current value into a voltage V2. The electrostatic 
capacitance C4 is the sum of an electrostatic capaci- 
tance C2 exerted between the developing roller 5a and 
output sheet metal 32 and an electrostatic capacitance 
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C3 exerted between the input sheet metal 31 and output 
sheet metal 32. 

[0050] A detection circuit 35 produces a voltage V3 
corresponding to a difference between the voltage V1 
developed across the reference capacitor 34 and the 5 
voltage V2 into which the current flowing between the 
input sheet metal 31 and output sheet metal 32 is con- 
verted. The voltage V3 is output to an A/D conversion 
unit 36. The A/D conversion unit 36 digitizes the analog 
voltage V3 and outputs a digital voltage level to the con- 10 
trol unit 22. The control unit 22 recognizes an amount 
of developer within the process cartridge B according to 
the digital voltage level. 

[0051] According to the present embodiment, electro- 
static capacitances detected by the remaining develop- 15 
er sensing means 30 are converted into a voltage by a 
remaining developer sensing unit 23 included in the 
main unit 1 00. The remaining developer sensing unit 23 
consists of the reference capacitor 34, detection circuit 
35, and A/D conversion unit 36. The voltage is then input 
to the control unit 22. 

[0052] According to the present embodiment, when 
an amount of developer is the largest, the detected volt- 
age V3 assumes the lowest level (the sum of electro- 
static capacitances is the largest) that shall be referred 
to as a plate antenna full (PAF) level. The PAF voltage 
level is sensed when the space between the developing 
roller 5a and output sheet metal 32 and the space be- 
tween the input sheet metal 31 and output sheet metal 
32 are filled with the developer. In the present embodi- 
ment, the PAF voltage level is written in the memory 20 
included in the process cartridge B. When the laser 
beam printer A is in operation, the detected voltage V3 
assumes the lowest voltage level (the sum of electro- 
static capacitances is the largest). The PAF voltage level 
stored in the memory 20 is then updated. When no de- 
veloper is poured, the detected voltage V3 assumes the 
highest voltage level (sum of electrostatic capacitances 
is the smallest) that shall be referred to as a plate an- 
tenna empty (PAE) voltage level. The PAE voltage level 
is stored in the memory 20 included in the process car- 
tridge B at a factory. 

[0053] The remaining developer sensing means 30 
for sensing an amount of developer is controlled as de- 
scribed below. That is to say, the control unit 22 included 
in the main unit 100 uses the PAF and PAE voltage lev- 
els stored in the memory 20 to determine a usable range 
of amounts of developer within the process cartridge B. 
Correction values are successively assigned to a weight 
function relative to which the function of the amount of 
remaining developer to the PAE voltage level and the 
function thereof to the PAF voltage level are orthogonal. 
A correction value permitting the weight function to rep- 
resent the relationship to the detected voltage V3 is 
found out. As the correction value of the weight function, 
a plurality of correction values is predefined to be asso- 
ciated with amounts of developer falling within the usa- 
ble range and having a proper difference between ad- 



joining ones. The found correction value relative to the 
voltage V3 is converted into an amount of remaining de- 
veloper using a correction table in which the correction 
values are listed in association with amounts of remain- 
ing developer that get smaller with the progress of use 
of the developer. The retrieved amount of remaining de- 
veloper is indicated on the display device 40 included in 
the main unit and the display device 51 included in the 
host 50 when needed by a user. According to the 
present embodiment, the amount of remaining develop- 
er is indicated in the form of the ratio of the amount of 
remaining developer to an amount of developer filling 
the container (an amount of unused developer). 
[0054] Incidentally, the usable range of amounts of 
developer, the weight function, and the relationship to a 
detected voltage represented by the weight function are 
pre-set properly according to the characteristics of the 
process cartridge B. 

[0055] Next, a method of indicating a sensed amount 
of remaining developer, which is employed in the 
present embodiment, will be described with reference 
to the flowchart of Fig. 5. 
[0056] At step S100, a sequence is started. 
[0057] At step S101 , the control unit 22 included in the 
main unit calculates an amount of remaining developer. 
[0058] At step S102, the control unit 22 references the 
correction table to retrieve X% as a remaining developer 
ratio that is the ratio of the amount of remaining devel- 
oper to an amount of unused developer. 
[0059] At step S103, a user acknowledges the re- 
maining developer ratio indicated on the display device 
40 of the main unit and the display device 51 of the host 
50. Consequently, an acknowledge signal for acknowl- 
edging the remaining developer ratio is set to an on volt- 
age level. 

[0060] At step S104, the control unit 22 transmits a 
remaining developer ratio signal, which indicates that 
the remaining developer ratio is X%, to the display de- 
vices 40 and 51. 

[0061] At step S105, a message "The remaining de- 
veloper ratio is X%." is displayed on the display devices 
40 and 51. 

[0062] At step S106, the sequence is terminated. 
[0063] To be more specific, as shown in Fig. 6, when 
an amount of remaining developer is indicated on the 
display device 40 of the main unit and the display device 
51 of the host 50, it is indicated in the form of a remaining 
developer ratio. The remaining developer ratio is decre- 
mented sequentially with the progress of consumption 
of the developer, and reported to a user. For example, 
"The remaining toner ratio is 100%. M signifying that the 
remaining developer ratio is 1 00% is changed to "The 
remaining toner ratio is 90%." signifying that the remain- 
ing developer ratio is 90%. "The remaining toner ratio is 
90%." is then changed to "The remaining toner ratio is 
80%." signifying that the remaining developer ratio is 
80%. 

[0064] As mentioned above, the remaining developer 
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ratio is decremented with a decrease in the amount of 
remaining developer, and indicated accordingly. Thus, 
the information of the service life of the process cartridge 
B can be concisely provided for a user. 
[0065] According to the present embodiment, when 5 
the remaining developer ratio becomes 0%, for exam- 
ple, a message "No toner. Change the cartridge." is dis- 
played in order to report a user the fact that the service 
life of the process cartridge B has completed its span. 
[0066] Next, a method of sensing the use time of the io 
photosensitive drum 1 that is a parameter indirectly re- 
lated to the service life of the process cartridge B will be 
described below. 

[0067] An inductive light conducting (OPC) layer of a 
photosensitive body consists mainly of a charge .trans- *5 
porting (CT) layer and a charge generating (CG) layer. 
The service life of the photosensitive body generally de- 
pends on a decrease in the thickness of the CT layer (a 
scrape on the CT layer). Image quality deteriorates with 
the decrease in the thickness. 
[0068] What is conceivable as a factor of the scrape 
on the CT layer is electric abrasion caused by mechan- 
ical friction of a part in contact with the CT layer and 
discharge. The use time of the photosensitive drum 1 is 
therefore calculated based on the rotation time of the 
photosensitive drum 1 that correlates to the magnitude 
of the scrape on the CT layer, and the application time 
during which an electrifying bias is applied to the elec- 
trifying roller 2. The thus calculated use time of the pho- 
tosensitive drum 1 is corrected using a threshold for the 
use time of the photosensitive drum 1 stored in the mem- 
ory 20 included in the process cartridge B. In other 
words, the ratio of the calculated use time to the thresh- 
old is calculated as a use ratio. Incidentally, the thresh- 
old for the use time of the photosensitive drum 1 is an 
experimentally predefined value and comparable to a 
use time for which the manufacturer guarantees the per- 
formance of the photosensitive drum 1 . According to the 
present embodiment, the use time of the photosensitive 
drum is stored as a characteristic value of the process 
cartridge B in the memory 20 included in the process 
cartridge B. 

[0069] To be more specific, according to the present 
embodiment, an arithmetic unit included in the control 
unit 22 calculates a use time D of the photosensitive 
drum 1 according to the following conversion formula: 

D = A + B x 4> 

where B denotes a value calculated by integrating rota- 
tion times of the photosensitive drum 1 , A denotes a val- 
ue calculated by integrating application times of the 
electrifying bias, and 0 denotes a predefined weighting 
factor. The results of calculation are stored in the mem- 
ory 20 included in the process cartridge B. According to 
the present embodiment, the rotation time of the photo- 
sensitive drum 1 and the application time of the electri- 



fying bias are stored in the memory 20 whenever it is 
needed. The use time of the photosensitive drum 1 is 
calculated when driving the photosensitive drum 1 is 
halted. 

[0070] The ratio of the use time D of the photosensi- 
tive drive 1 provided by the conversion formula to the 
threshold for the use time of the photosensitive drum 
stored in the memory 20 is calculated as a use ratio. The 
calculated use ratio is indicated on the display device 
40 of the main unit and the display device 51 of the host 
50 when needed by a user. As mentioned above, the 
use ratio of the photosensitive drum 1 is incremented 
with the progress of use of the photosensitive drum, and 
indicated on a display means composed of the display 
device 40 of the main unit and the display device 51 of 
the host 50 whenever it is needed. 
[0071] A method of indicating the use time of the pho- 
tosensitive drum 1 will be described with reference to 
the flowchart of Fig. 7. 

[0072] At step S200, a sequence is started. 
[0073] At step S201 , the control unit 22 calculates the 
use time of the photosensitive drum 1. 
[0074] At step S202, the control unit 22 collates the 
use time of the photosensitive drum 1 calculated at step 
S201 with the threshold for the use time stored in the 
memory 20 included in the process cartridge B, and thus 
determines Y% as a drum use ratio. 
[0075] At step S203, a user acknowledges the use ra- 
tio of the photosensitive drum 1 indicated on the display 
device 40 of the main unit and the display device 51 of 
the host 50. Consequently, an acknowledge signal for 
acknowledging the use ratio is set to an on voltage level. 
[0076] At step S204, the control unit 22 transmits a 
use ratio signal, which indicates that the photosensitive 
drum use ratio is Y%, to the display devices 40 and 51 . 
[0077] At step S205, a message The photosensitive 
drum use ratio is Y%." is displayed on the display de- 
vices 40 and 50. 

[0078] At step S206, the sequence is terminated. 
[0079] To be more specific, as shown in Fig. 8, when 
the use time of the photosensitive drum 1 is indicated 
on the display device 40 of the main unit and the display 
device 51 of the host 50, it is indicated in the form of a 
use ratio. The use ratio is incremented with the progress 
of use of the photosensitive drum, and thus reported to 
a user. For example, "The photosensitive drum use ratio 
is 0%." signifying that the use ratio of the photosensitive 
drum 1 is 0% is changed to "The photosensitive drum 
use ratio is 10%." signifying that the use ratio of the pho- 
tosensitive drum 1 is 10%. "The photosensitive drum 
use ratio is 10%." is then changed to "The photosensi- 
tive drum use ratio is 20%." signifying that the use ratio 
of the photosensitive drum 1 is 20%. Even when the 
service life of the photosensitive drum 1 during which a 
manufacturer guarantees the performance of the pho- 
tosensitive drum 1 has completed its span, that is, the 
use ratio of the photosensitive drum 1 exceeds 100%, 
the use ratio of the photosensitive drum 1 is kept calcu- 
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lated. For example, a message 'The photosensitive 
drum use ratio is 130%." signifying that the use ratio of 
the photosensitive drum 1 is 130% is displayed. 
[0080] The use ratio of the photosensitive drum 1 in- 
directly related to the service life of the process cartridge 
B is incremented with the progress of use of the photo- 
sensitive drum 1 , and then indicated. This helps prevent 
a user from getting confused by the information of the 
service life. The use ratios of consumables can be con- 
cisely provided for a user whenever needed. If a user 
complains to a manufacturer, the use ratio of the photo- 
sensitive drum 1 is used as a criterion for the use situ- 
ation of the photosensitive drum 1 representative of the 
use situations of consumables other than a developer 
within the process cartridge B. For example, a servi- 
ceperson can give an adequate advice to a user. 
[0081] As mentioned above, according to the present 
embodiment, an amount of remaining developer that is 
a parameter used to directly manage the service life of 
the process cartridge B is indicated in the form of a re- 
maining developer ratio that is decremented stepwise. 
The use time of the photosensitive drum 1 that is a pa- 
rameter indirectly related to the service life of the proc- 
ess cartridge B is indicated in the form of a use ratio that 
is incremented stepwise. 

[0082] The amount of remaining developer and the 
use time of the photosensitive drum are adopted as pa- 
rameters. Therefore, for example, if a user using the 
printer A in a low print ratio mode complains to a man- 
ufacturer about poor-quality images, the use time of the 
photosensitive drum 1 can be reported to the user. Thus, 
the use situation of the process cartridge B is reported 
to the user. Consequently, the number of returned proc- 
ess cartridges B can be decreased. Moreover, when the 
parameters are reported to a user, a manufacturer can 
grasp the contents of a user's complaint over a commu- 
nication network such as a telephone line. Moreover, the 
number of times by which a serviceperson must visit the 
user to understand the state of the process cartridge B 
can be decreased. Consequently, a hearty service can 
be provided efficiently and swiftly. 
[0083] According to the present invention, an amount 
of remaining developer and the use times of the other 
consumables are indicated. Thus, the timing of replac- 
ing a cartridge with a new one can be accurately report- 
ed to a user. Consequently, user's convenience im- 
proves. 

Second Embodiment 

[0084] Next, another embodiment of the present in- 
vention will be described. An image forming apparatus 
of the present embodiment has basically the same con- 
figuration as that of the first embodiment. The same ref- 
erence numerals will be assigned to members having 
the same capabilities and structures. The description of 
the members will be omitted, and only constituent fea- 
tures of the present embodiment will be described be- 



low. 

[0085] According to the present embodiment, an 
amount of remaining developer is sensed regularly. The 
use time of the photosensitive drum 1 and the use time 

5 of the developing roller 5a are sensed regularly as the 
use times of the other consumables. These three pa- 
rameters are output mutually independently. According 
to the present embodiment, the results of sensing are 
output to the main unit 1 00 and the host 50 that is a host 

10 computer or a terminal personal computer connected to 
the main unit in order to communicate with the main unit 
over a network. The three parameters are then indicated 
on the display device 40 of the main unit and the display 
device 51 of the host 50. 

15 [0086] According to the present embodiment, the 
amount of remaining developer is adopted as a param- 
eter used to directly manage the service life of the proc- 
ess cartridge B. The use time of the photosensitive drum 
1 and the use time of the developing roller 5a are adopt- 

20 ed as parameters indirectly related to the service life of 
the process cartridge B. When a user complains to a 
manufacturer, the parameters are used as criteria for the 
use situations of the consumables accommodated by 
the process cartridge B. 

25 [0087] The sensed amount of remaining developer is 
indicated in the form of a remaining developer ratio that 
is decremented stepwise from 100% to 0% with the 
progress of use of the developer. The sensed use times 
of the photosensitive drum 1 and developing roller 5a 

30 are indicated in the form of use ratios that start at 0% 
and are incremented stepwise with the progress of use 
of the photosensitive drum and developing roller. 
[0088] A mechanism for sensing an amount of re- 
maining developer and a mechanism for sensing the 

35 use time of the photosensitive drum 1 which are em- 
ployed in the present embodiment are identical to those 
employed in the first embodiment. Only a method of 
sensing the use time of the developing roller 5a will be 
described below. 

40 [0089] According to the present embodiment, the de- 
veloping roller 5a is made by coating a mirror-surface 
aluminum pipe with dispersed spherical carbon particles 
and a dispersed charge control agent. The dispersed 
spherical carbon particles provide roughness, whereby 

45 an amount of toner with which the developing roller 5a 
is coated is controlled. The service life of the developing 
roller 5a depends on degradation in the roughness of 
the surface of the developing roller 5a and contamina- 
tion of the developing roller 5a. As the roughness is de- 

50 graded, an image density deteriorates. The contamina- 
tion of the developing roller 5a causes irregular images. 
[0090] One of the factors of degrading the roughness 
of the surface of the developing roller 5a is abrasion 
caused by a developer or a restriction blade. The use 

55 time of the developing roller 5a is calculated by detecting 
the rotation time of the developing roller 5a which cor- 
relates to abrasion. The thus calculated use time of the 
developing roller 5a is corrected based on a threshold 
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for the use time of the developing roller 5a that is stored 
in advance, for example, in the memory 20 included in 
the process cartridge B. Namely, the ratio of the calcu- 
lated use time to the threshold is calculated as a use 
ratio. The threshold for the use time of the developing 
roller 5a is an experimentally predefined value, and 
comparable to a use time of the developing roller 5a for 
which a manufacturer guarantees the performance of 
the developing roller 5a. According to the present em- 
bodiment, the threshold is stored as a characteristic val- 
ue of the process cartridge B in the memory 20 included 
in the process cartridge B. 

[0091] According to the present embodiment, the use 
time of the developing roller 5a is calculated in the form 
of a use ratio using the rotation time of the developing 
roller 5a and the threshold for the use time of the devel- 
oping roller 5a stored in the memory 20. The calculated 
use ratio is indicated on the display device 40 of the main 
unit and the display device 51 of the hose when needed 
by a user. The use ratio of the developing roller 5a is, 
as mentioned above, incremented with the progress of 
use of the developing roller, and indicated by the display 
means composed of the display device 40 of the main 
unit and the display device 51 of the host 50. 
[0092] Referring to the flowchart of Fig. 9, a method 
of indicating the use time of the developing roller 5a will 
be described below. 

[0093] At step S300, a sequence is started. 
[0094] At step S301 , the control unit 22 calculates the 
use time of the developing roller 5a. 
[0095] At step S302, the control unit 22 collates the 
use time of the developing roller calculated at step S301 
with the threshold for the use time stored in the memory 
20 included in the process cartridge B, and thus deter- 
mines Z% as the use ratio of the developing roller 5a. 
[0096] At step S303, a user acknowledges the use ra- 
tio of the developing roller included in the development 
unit C which is indicated on the display device 40 of the 
main unit and the display device 51 of the host 50. Con- 
sequently, an acknowledge signal for acknowledging 
the use ratio of the developing roller is set to an on volt- 
age level. 

[0097] At step S304, the control unit 22 transmits a 
use ratio signal, which indicates that the developing unit 
use ratio is Z%, to the display devices 40 and 51. 
[0098] A step S305, the display devices 40 and 51 dis- 
play a message "The developing unit use ratio is Z%." 
[0099] At step S306, the sequence is terminated. 
[01 00] To be more specific, the use ratio of the devel- 
oping roller 5a is comparable to the service life of the 
development unit C. For example, as shown in Fig. 10, 
a development unit use ratio may be adopted instead of 
the developing roller use ratio, and may then be indicat- 
ed on the display devices 40 and 51. In this way, the 
development unit use ratio is incremented with the 
progress of use of the developing roller 5a, and thus re- 
ported to a user. That is to say, "The development unit 
use ratio is 0%." signifying that the use ratio of the de- 



velopment unit C is 0% is changed to "The development 
unit use ratio is,1 0%." signifying that the use ratio of the 
development unit C is 10%. "The development unit use 
ratio is 10%." is then changed to "The development unit 

5 use ratio is 20% signifying that the use ratio of the de- 
velopment unit C is 20%. Even if the use ratio of the 
developing roller 5a exceeds a use ratio at which a man- 
ufacturer guarantees the performance of the developing 
roller, the use ratio of the developing roller is kept cal- 

10 culated. For example, a message "The development 
unit use ratio is 130%." signifying that the use ratio of 
the development unit C is 130% is displayed. 
[0101] As mentioned above, the use time of the de- 
veloping roller 5a indirectly related to the service life of 

15 the process cartridge B is indicated in the form of a use 
ratio that is incremented with the progress of use of the 
developing roller 5a. This helps prevent a user from get- 
ting confused at the information of the service life. The 
use times of consumables can be concisely provided for 

20 a user when needed. If a user complains to a manufac- 
turer, the use situation of the developing roller 5a (de- 
velopment unit C) can be judged from the use time of 
the developing roller as a representative of the use sit- 
uations of consumables other than a developer accom- 

25 modated by the process cartridge B. For example, a 
serviceperson can give an adequate advice to the user. 
[01 02] As mentioned above, according to the present 
embodiment, the amount of remaining developer that is 
a parameter used to directly manage the service life of 

30 the process cartridge B is indicated in the form of a re- 
maining developer ratio that is decremented stepwise. 
The use times of the photosensitive drum 1 and devel- 
oping roller 5a (development unit C) that are parameters 
indirectly related to the service life of the process car- 

35 tridge B are indicated in the form of use ratios that are 
incremented stepwise. 

[0103] Since the three parameters are adopted, the 
present embodiment can provide the same advantages 
as the first embodiment. In addition, the use time of the 

40 developing roller 5a is sensed and indicated as a crite- 
rion for the use situations of consumables accommodat- 
ed by the process cartridge B other than the criterion of 
an amount of remaining developer. For example, if a us- 
er complains to a manufacturer about poor-quality im- 

45 ages, the situation of the process cartridge B can be 
grasped more properly and a more adequate advice can 
be given to the user. 

[0104] Furthermore, according to the present inven- 
tion, even in the present embodiment, the use times of 
so the other consumables may be adopted as parameters 
in addition to the amount of remaining developer. In this 
case, the timing of replacing the cartridge with a new 
one can be accurately reported to a user. Consequently, 
user's convenience improves. 

55 

Third Embodiment 

[0105] Next, another embodiment of the present in- 
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vention will be described below. An image forming ap- 
paratus of the present embodiment has basically the 
same configuration as that of the second embodiment. 
The same reference numerals will be assigned to mem- 
bers having the same capabilities and structures. The 5 
description of the members will be omitted, but only a 
constituent feature of the present embodiment will be 
described below. 

[0106] The constituent feature of the present embod- 
iment lies in a method of indicating a sensed amount of 10 
remaining developer. According to the first embodiment, 
the sensed amount of remaining developer is indicated 
in the form of a remaining developer ratio in %. In the 
present embodiment, the indication form is changed to 
another during use of the process cartridge B. *5 
[0107] According to the present embodiment, an 
amount of remaining developer is sensed regularly. The 
use times of the photosensitive drum 1 and developing 
roller 5a are sensed regularly as the use times of the 
other consumables. These three parameters are output 20 
mutually independently. According to the present em- 
bodiment, similarly to the first and second embodi- 
ments, the results of sensing are output to the main unit 
1 00 and the host 50 that is a host computer or a terminal 
personal computer connected to the main unit in order 
to communicate with the main unit over a network. The 
results of sensing are then indicated on the display de- 
vice 40 included in the main unit 100 and the display 
device 51 included in the host 50. 
[0108] According to the present embodiment, the 
amount of remaining developer is adopted as a param- 
eter used to directly manage the service life of the proc- 
ess cartridge B. The use times of the photosensitive 
drum 1 and developing roller 5a are adopted as param- 
eters indirectly related to the service life of the process 
cartridge B. In case a user complains to a manufacturer, 
these three parameters are used as criteria for the use 
situations of consumables accommodated by the proc- 
ess cartridge B. 

[0109] Talking of the forms for indicating the results of 
sensing, the use times of the photosensitive drums 1 
and developing roller 5a indirectly related to manage- 
ment of the service life of the process cartridge B are 
indicated in the form of use ratios that are started with 
0% and incremented with the progress of use. As for the 
sensed amount of remaining developer directly related 
to management of the service life of the process car- 
tridge, it is indicated in the form of a remaining developer 
ratio that is decremented stepwise from 100% to 0%. 
According to the present embodiment, the form of a re- 
maining developer ratio is changed to the form of the 
number of remaining sheets to be printed, that is, the 
number of printable sheets of paper in the course of us- 
ing the developer. 

[01 10] The control sequence and principles for sens- 
ing the amount of remaining developer and the use 
times of the photosensitive drum 1 and developing roller 
5a are identical to those employed in the first and sec- 



ond embodiments. The description of the control se- 
quence and principles will be omitted. A method of indi- 
cating the sensed amount of remaining developer that 
is a constituent feature of the present embodiment will 
be described below. 

[01 1 1] Referring to the flowchart of Fig. 11 , a method 
of indicating an amount of remaining developer will be 
described below. 

[0112] According to the present embodiment, when 
an amount of remaining developer is indicated in the 
form of a remaining developer ratio, once the remaining 
developer ratio becomes 10%, the form of a remaining 
developer ratio is changed to the form of the number of 
printable sheets of paper. According to the present em- 
bodiment, the remaining developer ratio of 10% is com- 
parable to the number of printable sheets of paper of 
500. The remaining developer ratios ranging from 10% 
to 0% are associated in advance with the numbers of 
printable sheets of paper. When the number of printable 
sheets becomes 0, a message "No toner. Change the 
cartridge." appears. 

[01 1 3] At step S400, a sequence is started. 

[01 14] At step S401 , the control unit 22 calculates an 

amount of remaining developer. 

[0115] At step S402, the control unit 22 determines 

X% as a remaining developer ratio using the correction 

table. 

[0116] At step S403, a user acknowledges the re- 
maining developer radio indicated on the display device 
40 of the main unit and the display device 51 of the host 
50. Consequently, an acknowledge signal for acknowl- 
edging the remaining developer ratio is set to an on volt- 
age level. 

[0117] At step S404, the control unit judges whether 
X is equal to or smaller than 10%. 
[0118] Incase 1 where a judgment is made in the neg- 
ative at step S404, the control unit 22 transmits a re- 
maining developer ratio signal, which indicates that the 
remaining toner ratio is X%, to the display devices 40 
and 51 at step S405. 

[0119] At step S406, the display devices 40 and 51 
display a message "The remaining toner ratio is X%." 
[0120] At step S407, the sequence is terminated. 
[0121] In case 2 where a judgment is made in the af- 
firmative at step S404, the control unit 22 determines -c 
as the number of printable sheets of paper using the cor- 
rection table listing remaining developer ratios in asso- 
ciation with the numbers of printable sheets of paper. 
[0122] At step S409, the control unit 22 transmits a 
remaining developer ratio signal, which indicates that 
the number of printable sheets of paper is x, to the dis- 
play devices. 

[0123] At step S410, the display devices 40 and 51 
display a message "The number of printable sheets of 
paper is only %" 

[0124] At step S411 , the sequence is terminated. 
[0125] To be more specific, as shown in Fig. 12, when 
an amount of remaining developer is indicated on the 
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display device 40 of the main unit and the display device 
51 of the host 50, the amount of remaining developer is 
indicated in the form of a remaining developer ratio. The 
remaining developer ratio is decremented with the 
progress of use of the developer, and thus reported to 5 
a user. For example, "The remaining toner ratio is 100%. 
" signifying that the remaining developer ratio is 100% 
is changed to "The remaining toner ratio is 90%." signi- 
fying that the remaining developer ratio is 90%. "The re- 
maining toner ratio is 90%." is then changed to "The re- 10 
maining toner ratio is 80%." signifying that the remaining 
developer ratio is 80%. When the remaining developer 
ratio becomes 10%, the form of the remaining developer 
ratio is changed to the form of the number of printable 
sheets of paper in order to report the service life.of the is 
process cartridge B to the user in an easier-to-under- 
stand manner. 

[0126] When the remaining developer ratio is 10%, 
"The number of printable sheets of paper is only 500." 
appears. Thereafter, as the amount of remaining devel- 20 
oper decreases, the number of printable sheets of paper 
is decremented stepwise. For example, "The number of 
printable sheets of paper is only 50." or "The number of 
printable sheets of paper is only 20." appears. When the 
remaining developer ratio becomes 0%, the message 
"No toner. Change the cartridge." is displayed in order 
to report a user the fact that the service life of the proc- 
ess cartridge B has completed its span. 
[0127] As mentioned above, according to the present 
embodiment, an amount of remaining developer that is 
a parameter used to directly manage the service life of 
the process cartridge B is indicated in the form of a re- 
maining developer ratio that is decremented stepwise. 
When the amount of remaining developer becomes 
small, the indication form of a remaining developer ratio 
is changed to another form permitting a user to more 
easily recognize the service life of the process cartridge 
B. Moreover, the use times of the photosensitive drum 
1 and developing roller 5a (development unit C) that are 
parameters indirectly related to the service life of the 
process cartridge B are indicated in the form of use ra- 
tios that are incremented stepwise. 
[0128] Since the three parameters are adopted, the 
present embodiment can provide the same advantages 
as the first and second embodiments. In addition, when 
an amount of remaining developer becomes small, the 
form for indicating the amount of remaining developer 
that is used to directly manage the service life of the 
process cartridge B is changed to another. Consequent- 
ly, the service life of the process cartridge B can be re- 
ported to a user in an easier-to-understand manner. 
[0129] According to the present invention, even in the 
present embodiment, not only an amount of remaining 
developer but also the use times of the other consuma- 
bles are indicated. Consequently, the timing of replacing 
the cartridge with a new one can be accurately reported 
to a user. Eventually, user's convenience improves. 



Fourth Embodiment 

[0130] Next, still another embodiment of the present 
invention will be described below. An image forming ap- 
paratus of the present embodiment has basically the 
same configuration as the one of the second embodi- 
ment. The same reference numerals will be assigned to 
members having the same capabilities and structures. 
The description of the members will be omitted, but only 
a constituent feature of the present embodiment will be 
described below. 

[0131] The constituent feature of the present inven- 
tion lies in a method of indicating a sensed amount of 
remaining developer. The amount of remaining devel- 
oper is indicated not only in the form of a remaining de- 
veloper ratio in %, which is employed in the first embod- 
iment, but also in another form. 
[0132] According to the present embodiment, an 
amount of remaining developer is sensed regularly. The 
use times of the photosensitive drum 1 and developing 
roller 5a are sensed regularly as the use times of the 
other consumables. These three parameters are output 
mutually independently. According to the present em- 
bodiment, similarly to the aforesaid embodiments, the 
results of sensing are output to the main unit 100 and 
the host 50 that is a host computer or a terminal personal 
computer connected to the main unit in order to com- 
municate with the main unit over a network. The results 
of sensing, that is, the three parameters are then indi- 
cated on the display device 40 of the main unit and the 
display device 51 of the host 50. 
[0133] According to the present embodiment, an 
amount of remaining developer is adopted as a param- 
eter used to directly manage the service life of the proc- 
ess cartridge B. The use times of the photosensitive 
drum 1 and developing roller 5a are adopted as param- 
eters indirectly related to the service life of the process 
cartridge B. In case a user complains to a manufacturer, 
the parameters are used as criteria for the use situations 
of the consumables included in the process cartridge B. 
[0134] Talking of the form for indicating the results of 
sensing, the use times of the photosensitive drum 1 and 
developing roller 5a which are indirectly related to man- 
agement of the service life of the process cartridge are 
indicated in the form of use ratios. The use ratios are 
started with 0% and incremented stepwise with the 
progress of use. As for a sensed amount of remaining 
developer directly related to management of the service 
life of the process cartridge, it is indicated in the form of 
the number of remaining sheets of paper to be printed, 
that is, the number of printable sheets of paper but not 
in the form of a remaining developer ratio. The number 
of printable sheets of paper is decremented stepwise 
with the progress of use of the developer. 
[0135] A control sequence and principles for sensing 
an amount of remaining developer and the use times of 
the photosensitive drum 1 and developing roller 5a are 
identical to those employed in the first to third embodi- 
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ments. The description of the control sequence and prin- 
ciples will therefore be omitted. A method of indicating 
a sensed amount of remaining developer that is a con- 
stituent feature of the present invention will be described 
below. 5 
[0136] Referring to the flowchart of Fig. 13, a method 
of indicating an amount of remaining developer will be 
described below. 

[0137] According to the present embodiment, the 
number of printable sheets of paper is calculated based 10 
on an amount of remaining developer and the user-de- 
pendent use situation of a developer per printout. When 
the number of printable sheets of paper becomes 0, the 
message "No toner. Change the cartridge." appears. 
[0138] At step S500, a sequence is started. *5 
[01 39] At step S501 , the control unit 22 calculates an 
amount of remaining developer. 
[0140] At step S502, the control unit 22 determines 
X% as a remaining developer ratio using the correction 
table. 

[0141] At step S503, a user acknowledges the re- 
maining developer ratio indicated on the display device 
40 of the main unit and the display device 51 of the host 
50. Consequently, an acknowledge signal for acknowl- 
edging the remaining developer ratio is set to an on volt- 
age level. 

[0142] At step S504, the control unit 22 converts the 
remaining developer ratio into the number of printable 
sheets of paper using a correction table. 
[0143] At step S505, the control unit 22 determines t 
as the number of printable sheets of paper using the cor- 
rection table listing remaining developer ratios in asso- 
ciation with the numbers of printable sheets of paper. 
[0144] At step S506, the control unit 22 transmits a 
remaining developer ratio signal, which indicates that 
the number of printable sheets of paper is x, to the dis- 
play devices 40 and 51 . 

[0145] At step S507, the display devices display a 
message "The number of printable sheets of paper is 
only t." 

[0146] At step S508, the sequence is terminated. 
[0147] To be more specific, as shown in Fig. 14, when 
an amount of remaining developer is indicated on the 
display device 40 of the main unit and the display device 
51 of the host 50, it is indicated in the form of the number 
of printable sheets of paper. The number of printable 
sheets of paper is decremented with the progress of use 
of a developer. For example, "The number of printable 
sheets of paper is 1000." for reporting a user the fact 
that numerous sheets of paper can be printed is 
changed to "The number of printable sheets of paper is 
8000." and then to "The number of printable sheets of 
paper is 6000." Thereafter, as the amount of remaining 
developer decreases, "The number of printable sheets 
of paper is 100." is changed to "The number of printable 
sheets of paper is 50." When the number of printable 
sheets of paper becomes 0, the message "No toner. 
Change the cartridge." is displayed in order to report a 



user in an easier-to-understand manner the fact that the 
service life of the process cartridge B has completed its 
span. 

[0148] As mentioned above, according to the present 
embodiment, an amount of remaining developer that is 
a parameter used to directly manage the service life of 
the process cartridge B is indicated in the form of the 
number of printable sheets of paper. The number of 
printable sheets of paper is decremented with a de- 
crease in the amount of remaining developer. Moreover, 
the use times of the photosensitive drum 1 and devel- 
oping roller 5a (development unit C) are adopted as pa- 
rameters indirectly related to the service life of the proc- 
ess cartridge B and indicated in the form of use ratios 
that are incremented stepwise. 
[0149] Since the three parameters are adopted, the 
present embodiment provides the same advantages as 
the first to third embodiment. In addition, an amount of 
remaining developer used to directly manage the serv- 
ice life of the process cartridge B can be indicated in a 
form permitting a user to more easily grasp the amount 
of remaining developer. 

[0150] According to the present invention, not only an 
amount of remaining developer but also the use times 
of the other consumables are indicated. Consequently, 
the timing of replacing the cartridge with a new one can 
be reported accurately to a user. Eventually, user's con- 
venience improves. 

[01 51] Several embodiments of the present invention 
have been described so far. 

[0152] According to the aforesaid embodiments, an 
amount of remaining developer and the use time of the 
photosensitive drum 1 or the amount of remaining de- 
veloper and the use times of the photosensitive drum 1 
and developing roller 5a (development unit C) are indi- 
cated on the display device 40 of the main unit 100 and 
the display device 51 of the host 50. At this time, char- 
acters are adopted as a means for indicating the amount 
of remaining developer and the use times. The present 
invention is not limited to this means. For example, the 
amount of remaining developer may be indicated in the 
form of a remaining developer ratio, that is, the ratio of 
the amount of remaining developer to an amount of de- 
veloper filling a container (an amount of unused devel- 
oper) by means of a graphic such as a gas gauge shown 
in Fig. 15 or a bar graph shown in Fig. 16. 
[0153] For example, an amount of remaining devel- 
oper may be indicated using the graphic shown in Fig. 
15 or Fig. 16. The use times of the other consumables 
(photosensitive drum, developing roller, and electrifying 
roller) may be indicated using characters. Thus, the 
amount of remaining developer and the use times of the 
other consumables may be indicated using different 
means. According to the present invention, the amount 
of remaining developer and the use times of the other 
consumables may be indicated using the same means 
or different means. Moreover, the amount of remaining 
developer adopted as a parameter used to directly man- 
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age the service life of the process cartridge B may be 
indicated at every time of image formation. In contrast, 
the use times of the photosensitive drum and developing 
roller adopted as parameters indirectly related to the 
service life of the process cartridge B may be indicated 
in response to a user's request. 
[01 54] Moreover, the means using which the amount 
of remaining developer and the use times of the other 
consumables are indicated are not limited to characters 
or a graphic. Any other means may be adopted as long 
as the means can communicate the information to a us- 
er. For example, a loudspeaker incorporated in a host 
that is a host computer or a terminal computer may be 
used to communicate the information to a user by 
means of voice. This makes it possible to concisely re- 
port the service life of a cartridge to various users. For 
example, when a remaining developer ratio is 0% (the 
number of printable sheets of paper is 0), voice uttering 
"Toner has run out. Replace the cartridge with a new 
one." may be generated. Furthermore, the amount of 
remaining developer and the use times of the other con- 
sumables may be recorded on a recording material in 
response to a user's request. 

[01 55] In the aforesaid embodiments, a plate antenna 
type sensor is used as a remaining developer sensing 
means. The present invention is not limited to the re- 
maining developer sensing means of the plate antenna 
type sensor. Any other sensor may be adopted as long 
as it can sense an amount of remaining developer. 
Moreover, according to the aforesaid methods, the use 
times of a photosensitive drum and a developing roller 
are sensed as parameters indirectly related to the serv- 
ice life of a cartridge. The use time of an electrifying roll- 
er may be substituted for the use times of the photosen- 
sitive drum and developing roller or may be sensed in 
addition to the use times thereof. For detecting the use 
time of the electrifying roller that is an electrifying 
means, the application time of an electrifying bias may 
be measured, though what is measured is not limited to 
this one. 

[0156] The present invention is not confined to the 
aforesaid embodiments, but includes variants con- 
structed within the technological spirit of the invention. 
[0157] While the present invention has been de- 
scribed with reference to what are presently considered 
to be the preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embod- 
iments. On the contrary, the invention is intended to cov- 
er various modifications and equivalent arrangements 
included within the spirit and scope of the appended 
claims. The scope of the following claims is to be ac- 
corded the broadest interpretation so as to encompass 
all such modifications and equivalent structures and 
functions. 

[0158] A use situation reporting system reports 
the_use situations of a developer and the other consum- 
ables included in an image forming apparatus for form- 
ing images on a recording material. More particularly, 



the use situation reporting system reports an amount of 
remaining developer and the use times of consumables 
to a user. Thus, the timing of replacing a cartridge with 
a new one can be concisely reported to the user. 



Claims 

1. A use situation reporting system for reporting the 
10 use situations of a developer and the other consum- 
ables included in an image forming apparatus for 
forming images on a recording material comprising: 

an amount-of-developer detecting means for 
15 detecting an amount of developer contained in 

a developer container; 

a sensing means for sensing an amount of use 
of said consumables; and 
a display means for indicating the amount of de- 
20 veloper detected by said amount-of-developer 

detecting means and the amount of use of said 
consumables sensed by said sensing means. 

2. A system according to Claim 1 , wherein an indica- 
25 tion of the amount of developer to be displayed on 

said display means is decremented with the 
progress of use of the developer, and indications of 
the amount of use of said consumables to be dis- 
played on said display means are incremented with 
30 the progress of use of said consumables. 

3. A system according to Claim 2, wherein a scale 
used to indicate the amount of developer starts with 
100%, and a scale used to indicate the amount of 

35 use of said consumables starts with 0%. 



A system according to Claim 1 , wherein a form for 
indicating the amount of developer is the same as 
that for indicating the amount of use of said con- 
sumables. 
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5. A system according to Claim 1 , wherein a form for 
indicating the amount of developer is different from 
that for indicating the amount of use of said con- 
sumables. 

6. A system according to Claim 1 , wherein the form for 
indicating the amount of developer is changed to 
another during use of the developer. 

7. A system according to Claim 1 , wherein the form for 
indicating the amount of developer is changed from 
the form of an amount of remaining developer to the 
form of the number of printable sheets of paper. 

8. A system according to Claim 1 , wherein said display 
means is a display device included in a computer 
connected to said image forming apparatus. 
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9. A system according to Claim 1 , wherein said display 
means is a display device included in said image 
forming apparatus. 

10. A system according to Claim 1 , wherein the amount 
of developer and the amount of use of said consum- 
ables are reported by means of voice. 

1 1 . A system according to Claim 1 , wherein said image 
forming apparatus has a cartridge, which accom- 
modates the developer, detachably attached there- 
to, and said display means also indicates the serv- 
ice life of said cartridge. 

1 2. A system according to Claim 1 , wherein: said image 
forming apparatus comprises a photosensitive 
body, an electrifying means for electrifying said pho- 
tosensitive body, an exposing means for exposing 
said electrified photosensitive body in accordance 
with an image information, a developing means in- 
cluding a developer bearing member for bearing a 
developer, and developing a latent image, which is 
formed on said photosensitive body, using a devel- 
oper, and a transferring means for transferring the 
developed image onto a recording material; and 
said consumables include at least one of said pho- 
tosensitive body, electrifying means, and developer 
bearing member. 

13. A system according to Claim 12, wherein said pho- 
tosensitive body, electrifying means, and develop- 
ing means are integrated into a cartridge, and said 
cartridge is detachably attached to the main assem- 
bly of said image forming apparatus. 

14. A system according to Claim 13, wherein said im- 
age forming apparatus further comprises a cleaning 
means for cleaning said photosensitive body, and 
said cleaning means is integrated into said car- 
tridge. 

15. An image forming apparatus comprising: 

a container in which a developer is stowed; 
a remaining developer sensing means for sens- 
ing an amount of developer remaining in said 
container; 

consumables other than the developer used to 
form developer images on a recording material; 
an amount of use sensing means for sensing 
an amount of use of said consumables; and 
an output means for outputting information of 
the amount of remaining developer sensed by 
said remaining developer sensing means and 
information of the amount of use of said con- 
sumables sensed by said amount-of-use sens- 
ing means. 



16. An apparatus according to claim 15, further com- 
prising: 

a photosensitive body; 
5 an electrifying means for electrifying said pho- 

tosensitive body; 

an exposing means for exposing said electrified 
photosensitive body in accordance with image 
information; 

10 a developing means including a developer 

bearing member for bearing a developer, and 
developing a latent image, which is formed on 
said photosensitive body, using the developer; 
and 

15 a transferring means for transferring the devel- 

oped image onto a recording material, 
wherein said consumables other than the de- 
veloper include at least one of said photosen- 
sitive body, electrifying means, and developer 

20 bearing member. 

17. An apparatus according to claim 15, wherein said 
output means outputs information of the amount of 
remaining developer and information of the amount 

25 of use of said consumables to a computer connect- 
ed to said apparatus. 

18. An apparatus according to claim 15, further com- 
prising a display means for indicating the amount of 

30 remaining developer and the amount of use of said 
consumables other than the developer according to 
information output from said output means. 

19. An apparatus according to claim 18, wherein an in- 
35 dication of the amount of remaining developer to be 

displayed on said display means is decremented 
with the progress of use of the developer, and indi- 
cations of the amount of use of said consumables 
other than the developer are incremented with the 
40 progress of use of the consumables. 

20. An apparatus according to claim 15, wherein said 
container is detachably attached to the main as- 
sembly of said image forming apparatus. 

45 

21. An apparatus according to claim 16, wherein said 
photosensitive body, electrifying means, develop- 
ing means, and container are integrated into a car- 
tridge and detachably attached to the main assem- 

50 bly of said image forming apparatus. 

22. An apparatus according to claim 21 , further com- 
prising a cleaning means for cleaning said photo- 
sensitive body, wherein said cleaning means is in- 

55 tegrated into said cartridge. 
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FIG. 10 
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FIG.I4 



"NUMBER OF PRINTABLE SHEETS 
OF PAPER IS 10000." 



"NUMBER OF PRINTABLE SHEETS 
OF PAPER IS 80000." 



"NUMBER OF PRINTABLE SHEETS 
OF PAPER IS 60000." 



NUMBER OF PRINTABLE SHEETS 
OF PAPER IS ONLY 1000." 



NUMBER OF PRINTABLE SHEETS 
OF PAPER IS ONLY 500." 



NUMBER OF PRINTABLE SHEETS 
OF PAPER IS ONLY 250." 



NUMBER OF PRINTABLE SHEETS 
OF PAPER IS ONLY 100." 



NUMBER OF PRINTABLE SHEETS 
OF PAPER IS ONLY 50." 



"NUMBER OF PRINTABLE SHEETS 
OF PAPER IS ONLY 20." 



"NO TONER. CHANGE CARTRIDGE." 



29 



EP 1 109 073 A2 



FIG. 15 




30 



EP 1 109 073 A2 



o 
in 



A 



REMAINING TONER 
RATIO 0% 



REMAINING TONER 
RATIO 5% 



REMAINING TONER 
RATIO 10% 



CD 




REMAINING TONER 
RATIO 80% 




REMAINING TONER 
RATIO 90% 




REMAINING TONER 
RATIO 100% 



31 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



bd FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




